The use of passive 118-GHz O2 observations of rain cells for precipitation parameter estimation is demonstrated by a nonlinear statistical cell top altitude retrieval operator. The retrieval operator consists of a Karhunen-Loeve (KL) transformation followed by a rank reduction, a nonlinear operator, and a linear minimum mean square error estimator. Statistics were derived from an ensemble of 118-GHz convective rain cell core observations over land, along with coincident estimates of the cell top altitude obtained by optical stereoscopy. The observations were made using the millimeter-wave temperature sounder (MTS) scanning spectrometer aboard the NASA ER-2 high-altitude research aircraft during the Genesis of Atlantic Lows Experiment (GALE) and the Cooperative Huntsville Meteorological Experiment (COHMEX), 1986. The retrieval operator applied to MTS data yielded an rms discrepancy of 2.0 km for a combined cumulus, mature, and dissipating cell observation set and 1.6 km for the cumulus-only set. Comparison of the 118-GHz cell top altitude retrieval with coincident radar reflectivity data for a case of mature convection indicates that the 118-GHz altitude retrieval tracks the 5-to 10-dBZ reflectivity level over weak precipitation and the 20-dBZ reflectivity level over strongly convective cores. A slight improvement of the 118-GHz altitude retrieval discrepancy to 1.5 km rms is facilitated for the cumulus-only set by including information on the atmospheric temperature profile and cell size from the 118-GHz observations. Because of the ability of downward viewing microwave channels to probe beneath cloud tops and the sensitivity of these channels to precipitation, the 118-GHz cell top altitude retrievals provide a more meaningful measure of the precipitation altitude than do optical or infrared retrievals. By using the Kt decomposition followed by a nonlinear transformation, it is shown that 2 to 3 observable degrees of freedom exist in the 118-GHz rain cell core perturbation spectra, implying that at least one other meteorological parameter, independent of cell top altitude, can be retrieved from these data.
INTRODUCTION
Satellite-based observations of precipitation provide a means for monitoring the global hydrologic cycle over inaccessible regions, as well as giving advanced warning of inclement weather near populated regions. The potential of passive microwave remote sensing of rain has been discussed by Wilheit [1986] , and retrievals of rain rate have been demonstrated from 19.35-GHz passive data by Wilheit et at. [1977] and from 18-and 37-GHz passive data by Spencer and Santek [1985] .
Retrievals of precipitation using these microwave frequencies might be improved if certain rain cell parameters could be retrieved independently of the rain rate. Among the rain cell parameters that would facilitate the estimation of rain rates is precipitation cell top altitude. As shown by Adler and Mack [1984] , the thunderstorm cloud height is statistically related to the rainfall rate, although the empirical relation varies significantly among climatological regions. An investigation by Gagin et at. [1985] has revealed good correlations between the maximum cell top altitude and both the total rainfall volume and the maximum rainfall volume rate. The additional information provided by independent cell top altitude estimates would be beneficial over highly glaciated cells, where rain rate retrieval using only 19-and 37-GHz channels is compromised by an intervening layer of strongly scattering ice. In such cases the retrieved cell top altitude would be statistically related to the low-altitude rain rate.
Cell top altitude retrievals have previously been demonstrated using passive measurements of the infrared radiance emitted at the cloud top [e.g., Smith andPlatt, 1978] . Upon assuming the cloud top to be a blackbody, the altitude is determined by estimating the cloud top physical temperature, and then mapping to altitude via the atmospheric temperature profile. Because of Mie scattering and absorption of infrared radiation by submillimeter-sized hydrometeors, passive IR observations cannot directly probe beneath nonprecipitating cloud canopies. At microwave frequencies, however, such small hydrometeors behave instead as Rayleigh scatterers and absorbers and thus cause significantly less extinction. This feature suggests the possibility of using passive microwave observations to directly probe the larger precipitating particles (i.e., those of radius 5200 I.Lm) located beneath nonprecipitating canopies.
Of interest for cell top altitude sounding are channels located within 2.5 GHz of the 118.750-GHz O2 line. Their potential to support retrievals of precipitation parameters, in particular , cell top altitude, has been discussed by A. J . 
